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(57) ABSTRACT

An LLC resonance converter includes a switching circuit, a
resonance tank, a transformer, a synchronous rectification
umt, and a control unit. The switching circuit includes a first
switch controlled by a first control signal and a second
switch controlled by a second control signal. The synchro-
nous rectification unit includes a first synchronous rectifi-
cation switch controlled by a first rectification control signal
and a second synchronous rectification switch controlled by
a second rectification control signal. The first control signal,
the first rectification control signal, the second control
signal, and the second rectification control signal include an
operation frequency and a phase shift amount. When the
operating frequency 1s lower to a specific value or the phase
shift amount 1s higher to a specific value, the control unit
fixes one of them to extend a hold-up time of the LLC
resonance converter.
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LLC RESONANCE CONVERTER AND
METHOD OF CONTROLLING THE SAME

BACKGROUND

Technical Field

The present disclosure relates to an LLC resonance con-
verter and a method of controlling the same, and more
particularly to an LLC resonance converter with extended
hold-up time and a method of controlling the same.

Description of Related Art

The statements 1n this section merely provide background
information related to the present disclosure and do not
necessarily constitute prior art.

LLC resonance converter has advantages of ZVS turning
on the primary-side switch, ZCS turning off the secondary-
side synchronous rectification switch, and high ethciency.
Take the full-bridge LLC resonance converter as shown 1n
FIG. 2A as an example. The current control method provides
PWM signals of the same phase for the first switch Q1 and
the fourth switch Q4 on the primary side, and the first
synchronous rectifier switch SR1 on the secondary side, and
provides PWM signals of the same phase for the second
switch Q2 and the third switch Q3 on the primary side, and
the second synchronous rectifier switch SR2 on the second-
ary side. However, this control method has the following
disadvantages when the mput voltage 1s msuilicient:

1. High-efliciency application. In order to achueve high
elliciency, the voltage gain value 1s generally designed to be
relatively low, but 1t may cause insuilicient voltage gain and
make the hold-up time lower.

2. High hold-up time application. In order to achieve a
higher hold-up time, the voltage gain value 1s generally
designed to be higher, but this will easily cause the efliciency
to become low and additionally increase the voltage stress of
the resonance capacitor in the resonance tank 2.

Accordingly, the present disclosure provides an LLC
resonance converter and a method of controlling the same to
maintain the LLC resonance converter 100 at high efliciency
without shortening the hold-up time, and to avoid increasing,
the voltage stress of the resonance capacitor.

SUMMARY

In order to solve the above-mentioned problems, the
present disclosure provides an LLC resonance converter.
The LLC resonance converter includes a switching circuit,
a resonance tank, a transformer, a synchronous rectification
unit, and a control unit. The switching circuit includes a first
switch and a second switch. The resonance tank 1s coupled
to the switching circuit. The transformer includes a primary
winding and a secondary winding, and the primary winding,
1s coupled to the resonance tank. The synchronous rectifi-
cation unit 1s coupled to the secondary winding, includes a
first synchronous rectification switch and a second synchro-
nous rectification switch. The control unit provides a first
control signal to control the first switch, a second control
signal to control the second switch, a first rectification
control signal to control the first synchronous rectification
switch, and a second rectification control signal to control
the second synchronous rectification switch according to an
output voltage of the resonance converter. The first control
signal and the first rectification control signal have an
operation frequency and a phase shift amount, and the
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2

second control signal and the second rectification control
signal have the operation frequency and the phase shift
amount. The control unit controls the operation frequency to
be variable frequency and adjusts the phase shift amount
when the operation frequency i1s lower than a phase shiit
frequency, and controls the operation frequency to be equal
to the frequency threshold and adjusts the phase shiit
amount.

In order to solve the above-mentioned problems, the
present disclosure provides an LLC resonance converter.
The LLC resonance converter includes a switching circuat,
a resonance tank, a transformer, a synchronous rectification
unit, and a control unit. The switching circuit includes a first
switch and a second switch. The resonance tank 1s coupled
to the switching circuit. The transformer 1includes a primary
winding and a secondary winding, and the primary winding
1s coupled to the resonance tank. The synchronous rectifi-
cation unit 1s coupled to the secondary winding, includes a
first synchronous rectification switch and a second synchro-
nous rectification switch. The control unit provides a first
control signal to control the first switch, a second control
signal to control the second switch, a first rectification
control signal to control the first synchronous rectification
switch, and a second rectification control signal to control
the second synchronous rectification switch according to an
output voltage of the resonance converter. The first control
signal and the first rectification control signal have an
operation frequency and a phase shift amount, and the
second control signal and the second rectification control
signal have the operation frequency and the phase shift
amount. The control unit controls the operation frequency to
be variable frequency and adjusts the phase shift amount
when the operation frequency i1s lower than a phase shift
frequency, and controls the phase shift amount to be equal
to a phase shift threshold and controls the operation fre-
quency to be variable frequency when the phase shiit
amount 1s higher to the phase shift threshold.

In order to solve the above-mentioned problems, the
present disclosure provides a method of controlling an LLC
resonance converter. The LLC resonance converter includes
a switching circuit, a transformer, and a synchronous recti-
fication unit. The switching circuit includes a first switch
controlled by a first control signal and a second switch
controlled by a second control signal. The synchronous
rectification unit 1ncludes a first synchronous rectification
switch controlled by a first rectification control signal and a
second synchronous rectification switch controlled by a
second rectification control signal. The first control signal,
the second control signal, the first rectification control
signal, the second rectification control signal have an opera-
tion frequency. The method 1ncludes steps of: acquiring the
operation {frequency according to an output voltage; adjust-
ing a phase shift amount of the first control signal and the
first rectification control signal and adjusting the phase shiit
amount of the second control signal and the second rectifi-
cation control signal according to the operation frequency;
determining whether the operation frequency 1s lower than
a phase shift frequency; controlling the operation frequency
to be variable frequency and adjusting the phase shiit
amount when the operation frequency 1s lower than the
phase shift frequency, and (al) controlling the operation
frequency to be equal to a frequency threshold and adjusting
the phase shift amount when the operation frequency is
lower to the frequency threshold, or (a2) controlling the
phase shift amount to be equal to a phase shiit threshold and
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controlling the operation frequency to be vanable frequency
when the phase shift amount 1s higher to the phase shiit
threshold.

The main purpose and eflect of the present disclosure are
to use the control unit to {ix one of the operation frequency
or the phase shift amount when the operation frequency of
the LLC resonance converter 1s as low as a specific value or
the phase shiit amount 1s as high as a specific value so as to
maintain the LLC resonance converter at high etliciency
without shortening the hold-up time, and to avoid increasing,
the voltage stress of the resonance capacitor.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
present disclosure as claimed. Other advantages and features
of the present disclosure will be apparent from the following
description, drawings and claims.

BRIEF DESCRIPTION OF DRAWINGS

The present disclosure can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawing as
follows:

FIG. 1 1s a block diagram of an LLC resonance converter
with extended hold-up time according to the present disclo-
sure.

FIG. 2A 1s a circuit diagram of the LLC resonance
converter according to a first embodiment of the present
disclosure.

FIG. 2B 1s a circuit diagram of the LLC resonance
converter according to a second embodiment of the present
disclosure.

FIG. 2C 1s a circuit diagram of the LLC resonance
converter according to a third embodiment of the present
disclosure.

FIG. 2D 1s a circuit diagram of the LLC resonance
converter according to a fourth embodiment of the present
disclosure.

FIG. 3 1s a block circuit diagram of a control umit
according to the present disclosure.

FIG. 4A 1s a schematic diagram of showing a frequency
and a phase of the LLC resonance converter operating in a
first control manner according to the present disclosure.

FIG. 4B 1s a schematic diagram of showing the frequency
and the phase of the LLC resonance converter operating 1n
a second control manner according to the present disclosure.

FIG. 5A 1s a schematic diagram of showing control
signals of the LLC resonance converter operating in a first
mode according to the present disclosure.

FIG. 5B 1s a schematic diagram of showing control
signals of the LLC resonance converter operating in a
second mode according to the present disclosure.

FIG. 5C 1s a schematic diagram of showing control
signals of the LLC resonance converter operating 1n a third
mode and a fourth mode according to the present disclosure.

FIG. 6 1s a flowchart of a method of controlling the LLC
resonance converter according to the present disclosure.

FIG. 7A 1s a detailed flowchart of operating the LLC
resonance converter 1n a first control manner according to
the present disclosure.

FIG. 7B 1s a detailed flowchart of operating the LLC
resonance converter 1n a second control manner according to

the present disclosure.

DETAILED DESCRIPTION

Reference will now be made to the drawing figures to
describe the present disclosure in detail. It will be under-
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4

stood that the drawing figures and exemplified embodiments
ol present disclosure are not limited to the details thereof.

Please refer to FIG. 1, which shows a block diagram of an
LLC resonance converter with extended hold-up time
according to the present disclosure. The LLC resonance
converter 100 receives an mput voltage Vin, converts the
input voltage Vin 1into an output voltage Vo, and supplies the
output voltage Vo to supply power to a load 200. The LLC
resonance converter 100 includes a switching circuit 1, a
resonance tank 2, a transformer 3, a synchronous rectiﬁca-
tion unit 4, and a control unit 5. The transformer 3 has a
primary winding 32 and a secondary winding 34. The
primary winding 32 1s coupled to the switching circuit 1 and
the resonance tank 2, and the secondary winding 34 1s
coupled to the synchronous rectification unit 4. The switch-
ing circuit 1 receives the mput voltage Vin, and includes a
first switch Q1 and a second switch Q2. The resonance tank
2 1s coupled to the switching circuit 1 and the primary
winding 32, and the resonance tank 2 occurs resonance by
switching the first switch Q1 and the second switch Q2. The
resonance tank 2 may include, for example but not limited
to, a resonance circuit composed of a capacitor or an
inductor. The synchronous rectification unit 4 1s coupled
between the secondary winding 34 and the load 200, and
includes a first synchronous rectification switch SR1 and a
second synchronous rectification switch SR2. When the
LLC resonance converter normally works, a turned-on tim-
ing of the first synchronous rectification switch SR1 and that
of the first switch Q1 of the switching circuit 1 are the same,
and a turned-on timing of the second synchronous rectifi-
cation switch SR2 and that of the second switch Q2 are the
same.

The control unit 5 1s coupled to the first switch Q1, the
second switch QQ2, the first synchronous rectification switch
SR 1, and the second synchronous rectification switch SR2,
and provides control signals Sc according to the output
voltage Vo, which 1s fed back by a feedback circuit, of the
resonance converter 100. Specifically, the control signals Sc
include a first control signal Scl, a second control signal
Sc2, a first rectification control signal Ssrl, and a second
rectification control signal Ssr2 to respectively control the
first switch Q1, the second switch Q2, the first synchronous
rectification switch SR1 and the second synchronous recti-
fication switch SR2.

Please refer to FIG. 2A to FIG. 2D, which show circuit
diagrams of the LLC resonance converter according to four
embodiments of the present disclosure, and also refer to
FIG. 1. Take the full-brnidge primary-side circuit 100-1 and
the full-bridge secondary-side circuit 100-2 shown 1n FIG.
2B as an example. The primary-side circuit 100-1 1ncludes
a first switch bridge arm 12 and a second switch bridge arm
14 composed of the switching circuit 1, and a resonance tank
2. The first switch bridge arm 12 receives the mput voltage
Vin, and includes a first switch Q1 and a second switch Q2
coupled 1n series. The control unit 5 provides a first control
signal Scl to control the first switch Q1, and provides a
second control signal Sc2 to control the second switch Q2.
The second switch bridge arm 14 1s connected the first
switch bridge arm 12 in parallel, and the second switch
bridge arm 14 includes a third switch Q3 and a fourth switch
Q4 coupled 1n series. The control unit 5 provides a third
control signal Sc3 to control the third switch Q3, and
provides a fourth control signal Sc4 to control the fourth
switch Q4. In one embodiment, the first control signal Scl
and the fourth control signal Sc4 are the same control signal,
and the second control signal Sc2 and the third control signal
Sc3 are the same control signal. The first control signal Scl
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and the second control signal Sc2 are interleaved control
signals. Interleaving means that the phase diflerence 1s
preferably 180 degrees, and may be complementary or
non-complementary signals (for example but not limited to,
the switch 1s turned off for a long time to cause the signals
to be non-complementary, or there 1s a dead time between
two signals). The resonance tank 2 1s coupled between the
first switch bridge arm 12 and the second switch bridge arm
14, and which 1s an LLC resonance tank 2 composed of a
resonance inductance Lr, a magnetizing inductance (not
shown) of the transformer 3, and a resonance capacitance Cr.

The secondary-side 100-2 includes a first synchronous
rectification bridge arm 42 and a second synchronous rec-
tification bridge arm 44. The first synchronous rectification
bridge arm 42 1s coupled to secondary winding 34 of the
transformer 3, and includes a first synchronous rectification
switch SR1 and a second synchronous rectification switch
SR2 coupled 1n series. The second synchronous rectification
bridge arm 44 1s connected the first synchronous rectifica-
tion bridge arm 42 in parallel, and includes a third synchro-
nous rectification switch SR3 and a fourth synchronous
rectification switch SR4. Specifically, a common-connected
node between the first synchronous rectification switch SR1
and a second synchronous rectification switch SR2 and a
common-connected node between the third synchronous
rectification switch SR3 and the fourth synchronous recti-
fication switch SR4 are respectively coupled to two ends of
the secondary winding 34. The control unit S provides a first
rectification control signal Ssrl to control the first synchro-
nous rectification switch SR1, provides a second rectifica-
tion control signal Ssr2 to control the second synchronous
rectification switch SR2, provides a third rectification con-
trol signal Ssr3 to control the third synchronous rectification
switch SR3, and provides a fourth rectification control signal
Ssr4 to control the fourth synchronous rectification switch
SR4. The first rectification control signal Ssrl and the fourth
rectification control signal Ssr4 are the same control signal,
and the second rectification control signal Ssr2 and the third
rectification control signal Ssr3 are the same control signal.
The first rectification control signal Ssrl and the second
rectification control signal Ssr2 are interleaved control sig-
nals.

The primary-side circuit 100-1 of the LLC resonance
converter 100 shown 1n FIG. 2C and FIG. 2D 1s a hali-bridge
structure. The secondary-side circuit 100-2 of the LLC
resonance converter 100 shown in FIG. 2A and FIG. 2C 1s
a center-tapped structure. In particular, the components and
control signals shown 1n FIG. 2A to FIG. 2D, as well as the
control description 1n the following paragraphs, use the
same reference signs to indicate the same control methods,
and the detail description 1s omitted here for conciseness.

Please refer to FIG. 3, which shows a block circuit
diagram of a control unit according to the present disclosure,
and also refer to FIG. 1 to FIG. 2D. In order to facilitate the
description of the operation and control principle of the LLC
resonance converter 100, the circuit topology shown 1n FIG.
2A 1s taken as an example for description. The control unit
5 receives an output voltage signal corresponding to the
output voltage Vo of the LLC resonance converter 100,
acquires a frequency control command Cf by feeding back
the output voltage Vo, and controls an operation frequency
Fsw of each control signal Sc for the LLC resonance
converter 100 according to the frequency control command
C1. Specifically, the control unit 5 receives an output voltage
teedback value Vo_1b and an output voltage reference value
Vo_ret of the LLC resonance converter 100 through the
comparison unit 52. The comparison unit 32 compares the
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output voltage reference value Vo_ref and the output voltage
teedback value Vo_1b to acquire a voltage error value Ver.

A voltage controller 534 of the control unit 5 recerves the
voltage error value Ver, and calculates the voltage error
value Ver to acquire the frequency control command Ct of
controlling the operation frequency Fsw of each control
signal Sc for the LLC resonance converter 100. Take the
voltage controller 54 as a proportional integral controller (PI
controller) as an example, the present disclosure 1s not
limited by this. The voltage controller 534 performs a linear
combination operation of proportional and integral for the
voltage error value Ver to acquire the control command
quantity, 1.¢., the frequency control command Cf. In order to
ensure that the frequency control command C1 will not be
higher than the maximum value of the control command
quantity (that 1s, corresponding to the maximum frequency
Fmax in FIG. 4A and FIG. 4B) or less than the minimum
value of the control command quantity (that 1s, correspond-
ing to the mimmum frequency Fmin in FIG. 4A and FIG.
4B), the upper limit value and lower limit value of the
frequency control command Ci are limited by a frequency
limiter 56 to limit the maximum frequency Fmax and the
minimum frequency Fmin of the operation frequency Fsw.

A signal modulation unit 58 of the control unit 3 includes
a Irequency controller 382 and a frequency and phase
controller 384. The frequency controller 582 1s used to
adjust the operation frequency Fsw of the first control signal
Scl and the operation frequency Fsw of the second control
signal Sc2 according to the frequency control command CT.
The frequency and phase controller 384 1s used to adjust the
operation frequency Fsw and phase shift amount Vs of the
first rectification control signal Ssrl and the operation fre-
quency Fsw and phase shift amount Vs of the second
rectification control signal Ssr2. After the wavelforms gen-
erated by the frequency controller 382 and the frequency and
phase controller 384 are compared by the comparator and
controlled by the logic circuit, the pulse width modulation
signal generated 1s the first control signal Scl, the second
control signal Sc2, the first rectification control signal Ssrl,
and the second rectification control signal Ssr2 correspond-
ing to the frequency control command Cf. In one embodi-
ment, the frequency controller 582 and the frequency and
phase controller 584 may also control duty cycles of the first
control signal Scl, the second control signal Sc2, the first
rectification control signal Ssrl, and the second rectification
control signal Ssr2.

Please refer to FIG. 4A and FIG. 4B, which show sche-
matic diagrams of showing a frequency and a phase of the
LLC resonance converter operating 1n a {irst control manner
and a second control manner according to the present
disclosure, respectively, and also refer to FIG. 1 to FIG. 3.
In FIG. 4A, when the operation frequency Fsw (related to
the frequency control command C1) 1s higher than a phase
shift frequency Fs preset by the control unit 5 and higher
than a resonance frequency Fr of the LLC resonance con-
verter 100, the LLC resonance converter 100 operates 1n a
first mode M1. In this mode, the control unit 5 controls the
operation frequency Fsw of the first control signal Scl and
the first rectification control signal Ssrl to be varniable
frequency (frequency variation), and the phase shift amount
Vs 1s zero degree. The frequency variation refers to that the
operation frequency Fsw 1s adjusted with the change of the
input voltage Vin, and the change of the mput voltage Vin
may be known by the feedback of the output Voltage Vo. The
phase shiit amount Vs refers to the phase diference that the
rectification control signals Ssrl, Ssr2 are turned-on and
leading to the control signals Scl,, Sc2, and the difference
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(shift) range may be from zero degree to 180 degrees. In
particular, the phase shift amount Vs of zero degree means
that the two signals are turned on at the same time. Since the
second control signal Sc2 and the second rectification con-
trol signal Ssr2 are interleaved with the first control signal
Scl and the first rectification control signal Ssrl, respec-
tively, the operation frequency Fsw and the phase shift
amount Vs are the same as the first control signal Scl and
the first rectification control signal Ssrl. The lower input
voltage Vin, the operation mode of the LLC resonance
converter 10 will gradually shift from the first mode M1 to
the fourth mode M4. That means that the operation fre-
quency Fsw will be lower, and the phase shift amount Vs
will gradually increase from zero degree at the right time.

When the operation frequency Fsw 1s higher than the
phase shift frequency Fs but lower than the resonance
frequency Fr, the LLC resonance converter 100 operates 1n
a second mode M2. In this mode, the control unit 5 controls
the operation frequency Fsw of the first control signal Scl
and the first rectification control signal Ssrl to be variable
frequency (frequency varnation), and the phase shift amount
Vs 1s zero degree (the same 1s true for the second control
signal Sc2 and the second rectification control signal Ssr2).
Simultaneously, the control unit 5 limits the duty cycle of the
first rectification control signal Ssrl and the second rectifi-
cation control signal Ssr2 to not exceed the resonance period
so as to prevent the energy of the secondary-side circuit
100-2 from being released to the primary-side circuit 100-1
during the switch operation.

When operation frequency Fsw 1s lower than the phase
shift frequency Fs but higher than a frequency threshold Ft
preset by the control unit 5, the LLC resonance converter
100 operates 1n a third mode M3. In thus mode, the control
unit 5 controls the operation frequency Fsw of the first
control signal Scl and the first rectification control signal
Ssrl to be variable frequency (frequency variation), and
adjusts the phase shift amount Vs according to the change of
the 1nput voltage Vin (the same 1s true for the second control
signal Sc2 and the second rectification control signal Ssr2).
Therefore, as the operation frequency Fsw becomes lower
and lower, the phase shift amount Vs will gradually increase
from zero degree. The phase shift amount Vs may be leading
or lagging. That 1s, the control unit 5 controls the phase of
the first rectification control signal Ssrl to lead the phase of
the first control signal Scl according to the operation
frequency Fsw as low as the frequency threshold Ft, or
controls the phase of the first control signal Scl to lag the
phase of the first rectification control signal Ssrl (the same
1s true for the second control signal Sc2 and the second
rectification control signal Ssr2).

When the operation 1frequency Fsw continuously
decreases to be equal to the frequency threshold Ft preset by
the control unit 5, the LLC resonance converter 100 operates
in a fourth mode M4. In this mode, the control unit 5 controls
the operation frequency Fsw of the first control signal Scl
and the first rectification control signal Ssrl to be equal to
the frequency threshold Ft, and the phase shift amount Vs 1s
still adjusted according to the change of the input voltage
Vin (the same 1s true for the second control signal Sc2 and
the second rectification control signal Ssr2). Therelore,
although the voltage error value Ver calculated by the
control unit 5 may continue to increase, the operation
frequency Fsw may be limited by setting the corresponding
frequency threshold Ft in the voltage controller 34 or the
signal modulation unit 58. The phase shift amount Vs 1s
gradually increased according to the decrease of the input
voltage Vin until the maximum phase shift amount Vmax
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betfore the LLC resonance converter 100 fails. In particular,
the maximum phase shift amount Vmax may also be preset
by the control unit 5.

In FIG. 4B, the curves of the LLC resonance converter
100 operating 1n the first mode M1 to the third mode M3 are
the same as those 1n FIG. 4A, and the detail description 1s
omitted here for conciseness. Until the phase shift amount
Vs gradually increases from zero degree in the third mode
M3 to the phase shift threshold Vt preset by the control unit
5, the LLC resonance converter 100 operates in a fourth
mode M4'. In the mode, the control unit 5 controls the
operation frequency Fsw of the first control signal Scl and
the first rectification control signal Ssrl be variable fre-
quency (Ifrequency variation), and controls the phase shiit
amount Vs to be fixed and be equal to the phase shiit
threshold Vt (the same 1s true for the second control signal
Sc2 and the second rectification control signal Ssr2). The
frequency threshold Fs’ corresponding to the phase shiit
threshold Vt 1s determined by the control unit 5, but it 1s only
the operation frequency Fsw at the current point.

Therefore, although the voltage error value Ver calculated
by the control unit 3 may continue to increase and cause the
operation frequency Fsw to continue to decrease, the phase
shift amount Vs may be limited by setting the magnitude of
the corresponding phase shift threshold Vt 1n the frequency
and phase controller 584. The operation frequency Fsw 1s
gradually decreased according to the decrease of the mnput
voltage Vin until the mimimum frequency Fmin before the
LLC resonance converter 100 fails. In particular, the mini-
mum frequency Fmin may also be preset by the control unit

5.

Please refer to FIG. 5A to FIG. 5C, which show schematic
diagrams of showing control signals of the LLC resonance
converter operating 1n different modes according to the
present disclosure, and also refer to FIG. 1 to FIG. 4B. In the
first mode M1 1n FIG. 5A, the first control signal Sc1 and the
first rectification control signal Ssrl provided by the control
unit 5 are variable frequency signals with the same phase.
Simultaneously, the second control signal Sc2 and the sec-
ond rectification control signal Ssr2 provided by the control
unmit S are variable frequency signals with the same phase.
Therefore, the phase shift amount Vs of the turned-on rising
edge of the first control signal Scl and the first rectification
control signal Ssrl 1s zero degree, and the phase shiit
amount Vs of the turned-on rising edge of the second control
signal Sc2 and the second rectification control signal Ssr2 1s
also zero degree.

In the second mode M2 1n FIG. 3B, the first control signal
Scl and the first rectification control signal Ssrl provided by
the control unit 5 are variable frequency signals with the
same phase. Simultaneously, the second control signal Sc2
and the second rectification control signal Ssr2 are variable
frequency signals with the same phase. That 1s, the phase
shift amount Vs of the turned-on rising edge of the first
control signal Scl and the first rectification control signal
Ssrl 1s zero degree, and the phase shift amount Vs of the
turned-on rising edge of the second control signal Sc2 and
the second rectification control signal Ssr2 1s also zero
degree. In this mode, the control unit 5 limits the duty cycles
of the first rectification control signal Ssrl and the second
rectification control signal Ssr2 not to exceed the resonance
period. The resonance period 1s the reciprocal of the reso-
nance Irequency Fr, which 1s 1/Fr.

In the third mode M3 and the fourth mode M4 in FIG. 5C,
the control unit 16 adjusts the phase shift amount Vs of the
first control signal Scl and the first rectification control
signal Ssrl according to the change of the input voltage Vin,
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and simultaneously adjusts the phase shift amount Vs of the
second control signal Sc2 and the second rectification con-
trol signal Ssr2. That 1s, the phase shift amount Vs of the
turned-on rising edge of the first control signal Sc1 and the
first rectification control signal Ssrl increases with the lower
the frequency. As shown 1 FIG. 5C, for example, the phase
shift amount Vs 1s represented by a specific angle a(corre-
sponding to the magnitude of the phase shift amount Vs),
and a 1s an arbitrary number from O to 180 and greater than
0. In particular, the control unit 5 controls the phase of the
first rectification control signal Ssrl to lead the phase of the
first control signal Scl. The specific control method 1s to
control the turned-on period of the first synchronous recti-
fication switch SR1 to increase so that the phase of the
turned-on rising edge of the first rectification control signal
Ssrl 1s leading (from the original time O leading to time t1%,
that 1s, leading the specific angle ). The same 1s true for the
second control signal Sc2 and the second rectification con-
trol signal Ssr2, and the detail description 1s omitted here for
CONCISeness.

Therefore, when the operation frequency Fsw 1s lower
than the phase shift frequency Fs, the control unit 5 limaits the
duty cycle to be higher than the resonance period so that the
phase may be leading. With this control method, when the
input voltage Vin 1s insuflicient and the output voltage Vo
starts to fall, the output voltage Vo of the LLC resonance
converter 100 can still be maintained above a specific
voltage for a period of time. Accordingly, the electronic
product (such as the load 200) coupled to the rear end to
have enough time to respond and perform complete storage
or backup of the data before the power failure.

Please refer to FIG. 6, which shows a flowchart of a
method of controlling the LLC resonance converter accord-

ing to the present disclosure, and also refer to FIG. 1 to FIG.
5C. The circuit structure of the LLC resonance converter
100 1s shown in FIG. 2A to FIG. 2D. The method of
controlling the LLC resonance converter 100 includes steps
of: acquiring an operation frequency according to an output
voltage (by feeding back the output voltage) (5100). In one
embodiment, the control unit 5 receives the feedback of the
output voltage Vo to determine the operation frequency Fsw
of the first switch Q1, the second switch Q2, the first
synchronous rectification switch SR1 and the second syn-
chronous rectification switch SR2. Afterward, adjusting
phase shift amount of the first control signal and the first
rectification control signal according to the operation ire-
quency, and adjusting phase shift amount of the second
control signal and the second rectification control signal
(S120). In one embodiment, the control unit 5 adjusts the
phase shiit amount Vs of the first control signal Scl and the
first rectification control signal Ssrl according to the change
of the operation frequency Fsw, and the same 1s true for the
second control signal Sc2 and the second rectification con-
trol signal Ssr2.

Afterward, determining whether the operation frequency
1s lower than the phase shiit frequency, and controlling the
operation frequency to be variable frequency and adjusted
phase shift amount when the operation frequency 1s lower
than the phase shiit frequency (5140). In one embodiment,
the control unit 5 determines whether the operation 1ire-
quency Fsw 1s lower than the phase shift frequency Fs.
When the operation frequency Fsw 1s higher than the phase
shift frequency Fs, the control unit 5 controls the operation
frequency Fsw of the first control signal Scl and the first
rectification control signal Ssrl to be variable frequency, and
the phase shift amount Vs to be zero degree (the same 1s true

tor the second control signal Sc2 and the second rectification
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control signal Ssr2). When the operation frequency Fsw 1s
lower than the phase shift frequency Fs, the control unit 5
controls the operation frequency Fsw of the first control
signal Scl and the first rectification control signal Ssrl to be
variable frequency, and adjusts the phase shift amount Vs
according to the change of the input voltage Vin (the same
1s true for the second control signal Sc2 and the second
rectification control signal Ssr2). When the operation ire-
quency Fsw 1s higher than the phase shift frequency Fs but
lower than the resonance frequency Fr, the control unit 5
limits the duty cycle of the first rectification control signal
Ssrl and the second rectification control signal Ssr2 not to
exceed the resonance period so as to prevent the energy of
the secondary-side circuit 100-2 from being released to the
primary-side circuit 100-1 during the switch operation.
However, when the operation frequency Fsw 1s lower than
the phase shift frequency Fs, the control unit 5 limits the
duty cycle to be higher than the resonance period so that the
phase may be leading.

Finally, controlling the operation frequency to be equal to
a Irequency threshold value and adjusting the phase shiit
amount when the operation frequency 1s lower to the fre-
quency threshold (5160), or controlling the phase shiit
amount to be equal to a phase shift threshold and controlling

the operation frequency to be variable frequency when the
phase shift amount 1s higher to the phase shift threshold

(S180).

For the fixed operation frequency Fsw 1n step (5160), 1n
one embodiment, the control unit 5 controls the operation
frequency Fsw of the first control signal Scl and the first
rectification control signal Ssrl to be equal to the frequency
threshold Ft, and adjusts the phase shiit amount Vs accord-
ing to the change of the mput voltage Vin (the same 1s true
for the second control signal Sc2 and the second rectification
control signal Ssr2). The control unit 5 controls the turned-
on period of the first synchronous rectification switch SR1 to
increase so that the phase of the turned-on rising edge of the
first rectification control signal Ssrl 1s leading, and similarly
controls the turned-on period of the second synchronous
rectification switch SR2 to increase so that the phase of the
turned-on rising edge of the second rectification control
signal Ssr2 1s leading. For the fixed phase shift amount Vs
in step (S180), in one embodiment, the control unit 5
controls the operation frequency Fsw of the first control
signal Scl and the first rectification control signal Ssrl to be
variable frequency, and controls the phase shift amount Vs
to be equal to the phase shiit threshold Vt (the same 1s true
for the second control signal Sc2 and the second rectification
control signal Ssr2).

Please refer to FIG. 7A and FIG. 7B, which show detailed
flowcharts of operating the LLC resonance converter in a
first control manner and a second control manner according
to the present disclosure, respectively, and also refer to FIG.
1 to FIG. 6. As shown 1n FIG. 7A, the method of controlling
the LLC resonance converter 100 in the fixed operation
frequency Fsw incudes steps of: receiving an output voltage
teedback value corresponding to the output voltage and an
output voltage reference value, and comparing the output
voltage feedback value to the output voltage reference to
generate a voltage error value (S200). Afterward, calculating
the voltage error value to acquire a frequency control
command corresponding to the operation frequency (5220).
The control unit 5 modulates the first control signal Scl and
the second control signal Sc2 interleaved to the first control
signal Scl according to the frequency control command CH,
modulates the first rectification control signal Ssrl corre-
sponding to the first control signal Scl according to the
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frequency control command Cf, and modulates the second
rectification control signal Ssr2 corresponding to the second
control signal Sc2 according to the frequency control com-
mand Ci. In particular, the operation Ifrequency Fsw 1s
generated by the frequency control command Ci for control
determination.

Afterward, determining whether the operation frequency
1s higher than the phase shift frequency (S240). If the
operation frequency Fsw 1s higher than the phase shiit
frequency Fs, controlling the operation frequency of the first
control signal and the second control signal to be variable
frequency, and controlling the operation frequency of the
first rectification control signal and the second rectification
control signal to be variable frequency (S300). If the opera-
tion frequency Fsw 1s lower than the phase shift frequency
Fs, determiming whether the operation frequency 1s higher
than the frequency threshold (S260). If the operation ire-
quency Fsw 1s higher than the frequency threshold Fit,
controlling the operation frequency of the first control signal
and the second control signal to be varniable frequency, and
controlling the operation frequency of the first rectification
control signal and the second rectification control signal to
be variable frequency and adjusting the phase shiit amount
(S320). If the operation frequency Fsw 1s lower to the
frequency threshold Ft, controlling the operation frequency
of the first control signal and the second control signal to be
fixed at the frequency threshold, and controlling the opera-
tion frequency of the first rectification control signal and the
second rectification control signal to be fixed at the fre-
quency threshold and adjusting the phase shift amount
(S340).

As shown 1n FIG. 7B, steps (5200) to (S240), and (5300)
to (S320) are the same as FIG. 7A, and differences lie in
steps (S260") and (S340"). If the operation frequency Fsw 1s
lower than the phase shift frequency Fs (1.e., the determi-
nation of step (5240) 1s “NO”), determining whether the
phase shift amount 1s higher to the phase shift threshold
(S260"). Otherwise, the step (S320) i1s performed. If the
phase shift amount Vs 1s equal to the phase shiit threshold
Vt (1.e., the determination of step (S260") 1s “YES™), con-
trolling the operation frequency of the first control signal
and the second control signal to be variable frequency, and
controlling the operation frequency of the first rectification
control signal and the second rectification control signal to
be variable frequency and fixing the phase shift amount to
the phase shift threshold (5340').

Theretore, with the control methods shown in FIG. 7A
and FIG. 7B, when the input voltage Vin 1s insuthicient and
the output voltage Vo starts to fall, the output voltage Vo of
the LLC resonance converter 100 can still be maintained
above a specific voltage for a period of time. Accordingly,
the electronic product (such as the load 200) coupled to the
rear end to have enough time to respond and perform
complete storage or backup of the data before the power
tailure.

Although the present disclosure has been described with
reference to the preferred embodiment thereof, 1t will be
understood that the present disclosure 1s not limited to the
details thereof. Various substitutions and modifications have
been suggested 1in the foregoing description, and others will

occur to those of ordinary skill in the art. Therefore, all such
substitutions and modifications are intended to be embraced
within the scope of the present disclosure as defined in the
appended claims.
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What 1s claimed 1s:

1. An LLC resonance converter, comprising:

a switching circuit, comprising a first switch and a second
switch,

a resonance tank, coupled to the switching circuit,

a transformer, comprising a primary winding and a sec-
ondary winding, and the primary winding coupled to
the resonance tank,

a synchronous rectification unit, coupled to the secondary
winding, comprising a lirst synchronous rectification
switch and a second synchronous rectification switch,
and

a control unit, configured to provide a first control signal
to control the first switch, a second control signal to
control the second switch, a first rectification control
signal to control the first synchronous rectification
switch, and a second rectification control signal to
control the second synchronous rectification switch
according to an output voltage of the resonance con-
verter; the first control signal and the first rectification
control signal having an operation frequency and a
phase shift amount, and the second control signal and
the second rectification control signal having the opera-
tion frequency and the phase shift amount,

the control unit comprising:

a comparison unit, configured to receive an output
voltage feedback value corresponding to the output
voltage and an output voltage reference value, and
compare the output voltage feedback value to the
output voltage reference value to generate a voltage
error value,

a voltage controller, configured to receive the voltage
error value, and calculate the voltage error value to
acquire a frequency control command corresponding,
to the operation frequency, and

a signal modulation unit, configured to modulate the
first control signal and the second control signal
interleaved to the first control signal according to the
frequency control command, modulate the first rec-
tification control signal corresponding to the first
control signal according to the frequency control
command, and modulate the second rectification
control signal corresponding to the second control
signal according to the frequency control command,

wherein the control unit controls the operation frequency
to be vanable frequency and adjusts the phase shiit

amount when the operation frequency is lower than a

phase shift frequency, and controls the operation ire-

quency to be equal to a frequency threshold and adjusts
the phase shift amount, and

wherein the control unit controls a phase of the first
rectification control signal to lead a phase of the first
control signal, and controls a phase of the second
rectification control signal to lead a phase of the second
control signal when the operation frequency 1s lower
than the frequency threshold.

2. The LLC resonance converter as claimed 1n claim 1,
wherein the control unit limits a duty cycle of the first
rectification control signal and the second rectification con-
trol signal not to exceed a resonance period when the
operation frequency 1s higher than the phase shiit frequency
but lower than a resonance frequency.

3. The LLC resonance converter as claimed 1n claim 2,
wherein the control umit limits the duty cycle to exceed the
resonance period when the operation frequency 1s lower than
the phase shiit frequency.
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4. The LLC resonance converter as claimed in claim 1,
wherein the switching circuit comprises a first switch bridge
arm composed of the first switch and the second switch to
form a half bridge circuat.

5. The LLC resonance converter as claimed in claim 1,
wherein the switching circuit comprises a first switch bridge
arm composed of the first switch and the second switch, and
a second switch bridge arm composed of a third switch and
a fourth switch to form a full bridge circuait.

6. The LLC resonance converter as claimed in claim 1,
wherein the transformer 1s a center-tapped transiformer, and
the first synchronous rectification switch and the second
synchronous rectification switch are respectively coupled to
two ends of the transformer.

7. The LLC resonance converter as claimed i1n claim 1,
wherein the transformer 1s coupled to a first synchronous
rectification bridge arm composed of the first synchronous
rectification switch and the second synchronous rectification
switch, and coupled to a second synchronous rectification
bridge arm composed of a third synchronous rectification
switch and a fourth synchronous rectification switch to form
a full bridge rectification circuit.

8. An LLC resonance converter, comprising:

a switching circuit, comprising a first switch and a second

switch,

a resonance tank, coupled to the switching circuit,

a transformer, comprising a primary winding and a sec-
ondary winding, and the primary winding coupled to
the resonance tank,

a synchronous rectification unit, coupled to the secondary
winding, comprising a lirst synchronous rectification
switch and a second synchronous rectification switch,
and

a control unit, configured to provide a first control signal
to control the first switch, a second control signal to
control the second switch, a first rectification control
signal to control the first synchronous rectification
switch, and a second rectification control signal to
control the second synchronous rectification switch
according to an output voltage of the resonance con-
verter; the first control signal and the first rectification
control signal having an operation frequency and a
phase shiit amount, and the second control signal and
the second rectification control signal having the opera-
tion frequency and the phase shift amount,

the control unit comprising:

a comparison unit, configured to receive an output
voltage feedback value corresponding to the output
voltage and an output voltage reference value, and
compare the output voltage feedback value to the
output voltage reference value to generate a voltage
error value,

a voltage controller, configured to receive the voltage
error value, and calculate the voltage error value to
acquire a frequency control command corresponding,
to the operation frequency, and

a signal modulation unit, configured to modulate the first
control signal and the second control signal interleaved
to the first control signal according to the frequency
control command, modulate the first rectification con-
trol signal corresponding to the {first control signal
according to the Irequency control command, and
modulate the second rectification control signal corre-
sponding to the second control signal according to the
frequency control command,

wherein the control unit controls the operation frequency
to be variable frequency and adjusts the phase shift
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amount when the operation frequency 1s lower than a
phase shift frequency, and controls the phase shift
amount to be equal to a phase shift threshold and
controls the operation frequency to be variable ire-
quency when the phase shift amount i1s higher than the
phase shift threshold, and

wherein the control unit controls a phase of the first

rectification control signal to lead a phase of the first
control signal, and controls a phase of the second
rectification control signal to lead a phase of the second
control signal when the operation frequency i1s lower
than a frequency threshold.

9. The LLC resonance converter as claimed 1n 8, wherein
the control unit limits a duty cycle of the first rectification
control signal and the second rectification control signal not
to exceed a resonance period when the operation frequency
1s higher than the phase shift frequency but lower than a
resonance frequency.

10. The LLC resonance converter as claimed 1n 9, wherein
the control unit limits the duty cycle to exceed the resonance
period when the operation frequency 1s lower than the phase
shift frequency.

11. An A method of controlling an LLC resonance con-
verter, the LLC resonance converter comprising a switching
circuit, a transformer, and a synchronous rectification unit;
the switching circuit comprising a first switch controlled by
a first control signal and a second switch controlled by a
second control signal; the synchronous rectification unit
comprising a first synchronous rectification switch con-
trolled by a first rectification control signal and a second
synchronous rectification switch controlled by a second
rectification control signal; the first control signal, the sec-
ond control signal, the first rectification control signal, the
second rectification control signal having an operation fre-
quency,

the method comprising steps of:

acquiring the operation frequency according to an output

voltage,

adjusting a phase shift amount of the first control signal

and the first rectification control signal and adjusting
the phase shift amount of the second control signal and
the second rectification control signal according to the
operation frequency,

determiming whether the operation frequency 1s lower

than a phase shiit frequency,

controlling the operation frequency to be variable fre-

quency and adjusting the phase shift amount when the
operation frequency 1s lower than the phase shift fre-
quency,

controlling the operation frequency to be equal to a

frequency threshold and adjusting the phase shiit
amount when the operation frequency 1s lower than the
frequency threshold,
controlling a phase of the first rectification control signal
to lead a phase of the first control signal, and control-
ling a phase of the second rectification control signal to
lead a phase of the second control signal when the
operation frequency 1s lower than the frequency thresh-
old,
recerving an output voltage feedback value corresponding
to the output voltage and an output voltage reference
value, and comparing the output voltage feedback
value to the output voltage reference value to generate
a voltage error value,

calculating the voltage error value to acquire a frequency
control command corresponding to the operation fre-
quency,
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modulating the first control signal and the second control
signal interleaved to the first control signal according to
the frequency control command, and

modulating the first rectification control signal corre-

sponding to the first control signal according to the
frequency control command, and modulating the sec-
ond rectification control signal corresponding to the
second control signal according to the frequency con-
trol command.

12. The method of controlling the LLC resonance con-
verter as claimed 1n 11, further comprising a step of:

limiting a duty cycle of the first rectification control signal

and the second rectification control signal not to exceed
a resonance period when the operation frequency is
higher than the phase shift frequency but lower than a
resonance frequency.

13. The method of controlling the LLC resonance con-
verter as claimed 1n 12, further comprising a step of:

limiting the duty cycle to exceed the resonance period

when the operation frequency 1s lower than the phase
shift frequency.

14. A method of controlling an LLC resonance converter,
the LLC resonance converter comprising a switching circuit,
a transformer, and a synchronous rectification unit; the
switching circuit comprising a first switch controlled by a
first control signal and a second switch controlled by a
second control signal; the synchronous rectification unit
comprising a first synchronous rectification switch con-
trolled by a first rectification control signal and a second
synchronous rectification switch controlled by a second
rectification control signal; the first control signal, the sec-
ond control signal, the first rectification control signal, the
second rectification control signal having an operation ire-
quency,

the method comprising steps of:

acquiring the operation frequency according to an output

voltage,

adjusting a phase shift amount of the first control signal

and the first rectification control signal and adjusting
the phase shiit amount of the second control signal and
the second rectification control signal according to the
operation frequency,

determining whether the operation frequency 1s lower

than a phase shift frequency,

16

controlling the operation frequency to be variable ire-
quency and adjusting the phase shift amount when the
operation Ifrequency 1s lower than the phase shift fre-
quency,

5 controlling the phase shift amount to be equal to a phase
shift threshold and controlling the operation frequency
to be variable frequency when the phase shift amount
1s higher than the phase shift threshold,

controlling a phase of the first rectification control signal

10 to lead a phase of the first control signal, and control-
ling a phase of the second rectification control signal to
lead a phase of the second control signal when the
operation frequency 1s lower than a frequency thresh-
old,

5 receiving an output voltage feedback value corresponding,
to the output voltage and an output voltage reference
value, and comparing the output voltage feedback
value to the output voltage reference value to generate
a voltage error value,

»o  calculating the voltage error value to acquire a frequency
control command corresponding to the operation ire-
quency,

modulating the first control signal and the second control
signal interleaved to the first control signal according to

55 the frequency control command, and

modulating the first rectification control signal corre-
sponding to the first control signal according to the
frequency control command, and modulating the sec-
ond rectification control signal corresponding to the

30 second control signal according to the frequency con-
trol command.

15. The method of controlling the LLC resonance con-
verter as claimed 1n 14, further comprising a step of:
limiting a duty cycle of the first rectification control signal

35 and the second rectification control signal not to exceed
a resonance period when the operation frequency 1s
higher than the phase shiit frequency but lower than a
resonance frequency.

16. The method of controlling the LLC resonance con-

40 verter as claimed 1n 15, further comprising a step of:

limiting the duty cycle to exceed the resonance period
when the operation frequency 1s lower than the phase
shift frequency.
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